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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



Length- 
Time__. 
Force. _ 



Symbol 



I 

t 

F 



Metric 



Unit 



meter 

second 

weight of one kilogram _ 



Symbol 



m 

sec 

kg 



English 



Unit 



foot (or mile) 

second (or hour) 

weight of one pound 

horsepower 

mi./hr 

ft./sec 



Symbol 



ft. (or mi.) 
sec. (or nr.) 
lb. 



Power- 
Speed. 



kg/m/sec. 

fkm/hr 

I m/sec 



HP. 

M. P. H. 
f. p. s. 



W, Weight, = mg 
g 1 Standard acceleration of gravity = 9.80665 
m/sec. 3 = 32. 1740 ft./sec. 3 
W 

m. Mass,= — 
9 

p, Density (mass per unit volume). 

Standard density of dry air, 0.12497 (kg-m~ 4 

sec. 3 ) at 15° C and 760 mm = 0.002378 (lb.- 

ft.~ 4 sec. 2 ). 

Specific weight of "standard" air, 1.2255 
kg/m 3 - 0.07651 lb./ft. 3 



2. GENERAL SYMBOLS, ETC. 

mk 2 , Moment of inertia (indicate axis of the 



radius of gyration, ~k, by proper sub- 





script). 


Si 


Area. 




Wing area, etc. 


G, 


Gap. 


i>\ 


Span. 


c, 


Chord length. 



Z>/c, Aspect ratio. 

/, Distance from c. q. to elevator hinge. 

Coefficient of viscosity. 



3. AERODYNAMICAL SYMBOLS 



V, True air speed. 

q, Dynamic (or impact) pressure =^-g pV 3 

L y Lift, absolute coefficient C L =^ 

D, Drag, absolute coefficient C D = ~g 

C, Cross - wind force, absolute coefficient 

Cc ~qS 

B y Resultant force. (Note that these coeffi- 
cients are twice as large as the old co- 
efficients L Cl B c .) 

i w Angle of setting of wings (relative to thrust 
line). 

ii, Angle of stabilizer setting with reference to 
thrust line. 



7, Dihedral angle. 

VI Reynolds Number, where I is a linear 
p p. 1 dimension. 

e. g., for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, 0° C: 255,000 

and at 15° C, 230,000; 
or for a model of 10 cm chord 40 m/sec, 

corresponding numbers are 299,000 

and 270,000. 
C pi Center of pressure coefficient (ratio of 

distance of C. P. from leading edge to 

chord length). 
0, Angle of stabilizer setting with reference 

to lower wing, = (i t — t*), 
a, Angle of attack, 
c, Angle of downwash. 
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SUMMARY 

A series of tests has been conducted during the period 1925-1927 by the National Advisory 
Committee for Aeronautics in the variable-density wind tunnel on several airfoil models of different 
sizes and sections to determine the effect of tunnel-wall interference and to determine a correction 
which can be applied to reduce the error caused thereby. The use of several empirical corrections was 
attempted with little success. The Prandtl theoretical corrections give the best results, and their use is 
recommended for correcting closed wind tunnel results to the conditions of free air. 

An appendix is attached wherein the expert mental/ // determined effect of the waifs on th< tunnel 
velocity very close to their surface is given. This is of special interest because a u scale effect" was 
found in the boundary layer with a change in the density of the tunnel air. 

INTRODUCTION 

When tests are made on models in wind tunnels to determine their aerodynamic character- 
istics, the results obtained are not truly representative because of the limited air jet of the tunnel. 
The boundary of the jet, whether free or inclosed by walls, affects the (low to a considerable 
extent. This effect has been considered theoretically and a method devised for correcting the 
results from wind-tunnel tests. 

Experimental confirmation of this correction is extremely desirable, and though such 
confirmation has been obtained in wind tunnels in Europe, tests for that purpose had not been 
made in wind tunnels of the National Advisory Committee for Aeronautics. A series of tests 
was therefore authorized for the variable-density wind tunnel. 

This investigation consisted of force tests on several airfoil models of the N. A. C. A -M6 
section having a constant chord and a varying span. From these tests some idea of the effect 
of the tunnel walls can be ascertained. 

Data from previous tests on models of the M(3 airfoil section of different sizes, aspect ratio 6, 
were available and were used in the analysis. For further confirmation, and in conjunction with 
another investigation, tests were made on three airfoil models of the K. A. F. 19 section, each 
having the same aspect ratio but different areas. 

TESTS 

The tests on the N. A. C. A.-M6 airfoils in this investigation were conducted after the usual 
method employed for force tests in the variable-density w ind tunnel, as described in reference 1. 
The angle of attack was varied from -3° to +21°; runs were made at three densities or Rey- 
nolds Numbers, corresponding to tank pressures of about 1, 15, and 20 atmospheres. The 
R. A. F. 19 series was similarly tested, but at different values of the Reynolds Number. 

The N. A. C. A.-M6 section model was inches by 30 inches in plan. It was tested in 
this form, of aspect ratio 8, and then cut off on the ends so that the span became 32 inches, 
giving the model an aspect ratio of 7.12. This procedure was repeated, making tests on the 
model with aspect ratios of 6, 5.33, and 4.44. The R. A. F. 19 models were all of aspect ratio 6 
with plan form dimensions of 4 inches by 24 inches, 5 inches by 30 inches, and 6 inches by 36 
inches. All models were made of duralumin and machined to within 0.002 inch of the specified 
ordinates. 
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no correction for tunnel wall; 1 atmosphere ratio 6.00 in free air, 1 atmosphere 
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Fig. 7.— N. A. C. A.-M6 airfoil of various aspect ratios, as observed in 
tunnel, 15 atmospheres 



Fig. 8.— N. A. C. A.-M6 airfoil of various aspect ratios, corrected to aspect 
ratio 0.00; no correction for tunnel wall; 15 atmospheres 
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Fig. 9. — N. A. C. A.-M6 airfoil of various aspect ratios, corrected to aspect 
ratio 6.00 in free air, 15 atmospheres 
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Fig. 10.— X. A. C. A.-M6 airfoil of various aspect ratios, as observedin 
tunnel, 15 atmospheres 
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V\c. 11.— N. A. C. A.-M6 airfoil of various aspect ratios, corrected to 
aspect ratio 6.00; no correction for tunnel wall; 15 atmospheres 



Fig. 12.— N. A. C. A.-M6 airfoil of various aspect ratios, corrected to 

aspect ratio 6.oo in free air, us atmospheres 
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Fig. 17.— N. A. C. A.-MG airfoil of various aspect ratios, corrected to 
aspect ratio 6.00; no correction for tunnel walls; 20 atmospheres 
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Fio. 18.— N. A. C. A.-M6 airfoil of various aspect ratios, corrected to 
aspect ratio 6.00 in free air, 20 atmospheres 




Fio .19.— As observed in tunnel Fio. 20.— Corrected for wall interference 

N. A. C. A.-M6 airfoils of various sizes; aspect ratio 6.00; 20 atmospheres 
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Vm. 21.— As observed in tunnel Fig. 22.— Corrected for wall interference 

R. A. F. airfoils of various sizes; aspect ratio (i.OO; average Reynolds Number 530,000 

RESULTS AND DISCUSSION 

Readings of lift and drag at various angles of attack were obtained and reduced to absolute 
coefficients. Those obtained from the tests on models of aspect ratios other than 6 were reduced 
to coefficients for t ha t aspect ratio as noted iu the figures, using the Prandtl induced drag 
equation. These data were then plotted in various forms to determine the existence of any 
effects that might possibly be attributed to the interference of the walls. Numerous empirical 
corrections and the Prandtl theoretical corrections (references 2 and 3) were applied bo find 
whether better agreement between the results from the different models could be obtained. 

None of the empirical corrections tried was very satisfactory, while the theoretical correc- 
tions of Prandtl gave results which were in good agreement. These corrections are: 



and 



Act; = 



CjJS 



H 2ttD 2 

to be added to C D and a, respectively, 

where C L = lift coefficient. 

Cn = induced drag coefficient. 

di = induced angle. 

# = area of the airfoil. 

D = diameter of the tunnel. 
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Same as above, C L vs. C D - 15 at in. 
Same as above, C L vs. a— 15 atm. 



A comparison of the results may be had by referring to the figures which are listed below: 
Figure 1. — N. A. O. A.-M6 airfoil of various aspect ratios — C L vs. G D — 1 atm., as 
observed in tunnel. 

Figure 2. — N. A. C. A.-M6 airfoil of various aspect ratios — C L vs. C D — 1 atm., corrected 
to aspect ratio 6 (assuming no wall correction necessary). 

Figure 3. — N. A. C. A.-M6 airfoil of various aspect ratios - C L vs. C D -l atm., corrected 
to aspect ratio 6 with the Prandtl wall interference correction. 

Figure 4. ] 

Figure 5. [Same as above, C L vs. a— \ atm. 
Figure 6. J 
Figure 7. 
Figure 8. 
Figure 9. 
Figure 10. 
Figure 11. 
Figure 12. 
Figure 13.1 

Figure 14. Same as above, C L vs. C D — 20 atm. 
Figure 15. | 
Figure 16.) 

Figure 17. Same as above, C L vs. a — 20 atm. 
Figure 18.) 

Figure 19. — N. A. C. A.-M6 airfoils of three sizes, A. R. 6, C L vs. C D -2Q atm., as observed 
in tunnel. 

Figure 20. — Same as above, C L vs. C D , corrected for wall interference. 
Figure 21— K. A. F. 19 airfoils of three sizes, A. R. 6, C L vs. C L , R. N. 530,000, as observed 
in the tunnel. 

Figure 22. — Same as above, C L vs. C D , corrected for wall interference. 

It may be seen from an inspection of the above figures that in every case there is better 
agreement between the results from the different models after the Prandtl corrections have been 
applied. The improved agreement is found not only for the drag coefficient but also for the 
angle of attack. The corrections are valid for any airfoil section and for any plan form. 

CONCLUSION 

Test data from closed wind tunnels on airfoil models of a given section, but having various 
plan forms, show better agreement when corrected for tunnel wall interference by the Prandtl 
formulas. The use of these formulas is therefore recommended for correcting wind-tunnel data 
to the conditions of free air. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., May 5, 1927. 



APPENDIX 



PITOT TUBE SURVEY CLOSE TO WALL 
INTRODUCTION 

A dynamic pressure and velocity survey has been made across the throat of the variable 
density wind tunnel for the purpose of determining the variation, particularly near the walls 
of the tunnel. The results were to be used for further theoretical consideration of the " tunnel 
wall effect" in which the transverse velocity variation is taken into account. 

METHOD OF MEASUREMENT 

The survey was made by means of two bars built on the principle of a Pilot-static tube 
with one bar for impact pressures and one for static pressures. (See figs. 23 and 24.) Pres- 
sures were obtained at 31 points on each bar, spaced more closely near the walls, the closest 
point being at one-fourth inch from the wall surface. The bars were mounted in the tunnel as 
shown in Figure 25; and the survey was made on three different diameters. Readings were 
(aken simultaneously at the 31 points by means of a large photomanometcr. 

It developed later that readings closer to the wall were necessary. For this purpose a 
minute Pitot tube was constructed from 0.051 inch outside diameter hypodermic tubing. Differ- 
ential pressures were read between this Pilot tube and a static plate flush with the wall, 2 inches 
to one side and in the same transverse plane, as shown in Figure 26. Observations were taken 
with this arrangement at several tank pressures at distances of 1, 3^8, and mcn from 

the wall. Due to mutual interference between the Pitot tube and the wall, the 0.051-inch 
tube was changed to one of 0.019 inch outside diameter, and further observations were taken at 
Vs, Te> A, and ^ inch. 

RESULTS 

The results from the survey using the bars were not unusual, and for this reason the data 
from this portion of the survey will be omitted; an average curve for three radii, shown in 
Figure 30, will indicate the general character of the dynamic pressure distribution. The survey 
using the small Pitot tube, however, will be discussed more fully, particularly because of the 
information obtained in regard to the conditions close to the wall. 

The observations are recorded in Tables I and XI. Here also are given readings for a 
standard Pitot static tube at the center of the tunnel throat, which is 60 inches in diameter. 
The ratios of velocities at the two points v/V c are plotted on logarithmic scales in Figure 27, a 
separate curve for each tank pressure, against x> the distance from the wall. Figure 28 shows 
curves that have been deduced from Figure 27, plotted against the tank pressure, which is 
proportional to the density. 

The indicated points in Figures 29 and 30 show the observations p/P c the ratio of the 
adynamic pressure at the point to that at the center of the tunnel throat, plotted against x and 
compared with empirical curves derived from the data. Figure 30 also shows an average curve 
of the dynamic pressure taken by means of the bars extending across the tunnel for comparison. 

DISCUSSION 

The walls of a tube or wind tunnel are known to have an effect on the flow adjacent. Theo- 
retical consideration has been given to this effect, which has also been previously studied experi- 
mentally. In general, it has been found that the velocity at the center is maintained al approxi- 
mately full value within the immediate neighborhood of the wall, the so-called region of the 
" boundary layer. " Prandtl, Blasius, v. Karman (reference 4), Van der Hegge Zijnen (refer- 
ence 5), and others have made a study of this boundary layer. 
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Fig. 24.— Survey bar with static openings 
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FIO. 26. -Installation of small Pilot tube and static plate 
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Fig. 28.— Variation of V r h and \/u with tank pressure 
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Von Karman divides this layer into two regions, one of laminar flow close to the wall 
and the second of turbulent flow outside of the first. For these conditions he has derived 
equations for the variation of the velocity near the wall. For the laminar region, he gives: 

To 

V= X, 
M 

where v = velocity at the point parallel to the wall. 

t 0 = shearing stress at the surface m (jfy z _ o 

/* = viscosity of the air. 
x = distance from the wall or surface. 
For the turbulent flow, the following equation is given: 

- r, ( ;T 

where V c = velocity at the center of the tunnel. 

5 = total thickness of the boundary layer in the direction of x. 

The experimental work at Delft of Van der Hegge Zijnen (reference 5) on the boundary 
layer close to a smooth glass plate, gives an excellent opportunity for comparison with the 
above theoretical equations. Such a comparison shows very good agreement. 

In view of the above, it is interesting to note the agreement that is obtained between 
the results from Delft and those of this investigation at 1 atmosphere, In Figure 27 there 
are plotted values of v/V c for respective values of X with curves drawn for each pressure or 
density. The velocity in the center of the tunnel for the condition of 1 atmosphere tank 
pressure is, from Figure 28, 20.2 m/s; on the same plot (fig. 27) there is given the data 
obtained at Delft for 20 m/s. When plotted on logarithmic scales the straight portion of the 

curve corresponds to the turbulent region wherein the relation t>/7 c = ^-J holds and the 
curved portion, to the laminar region (reference 5). In each case the laminar flow region 
extends to about the same distance from the wall, poinl A. In the remaining portion the two 
curves are about parallel, though displaced from one another The large boundary layer 
shown by the results of this research is no doubt due to the comparative roughness of the 
tunnel wall and to the continuous (longitudinal) surface of the wall. 

The effect of the change in density may be seen in Figures 27, 28, and 29. The depth 
of the boundary layer, which was found by extrapolation, increases as the density becomes 

greater. The reciprocal of the exponent n of the equation y=(j) has been plotted in 
Figure 28, where its variation with density may be seen. At 20 atmospheres a value of n 
of (J l ? was obtained, a considerable change from the 1 atmosphere value of ^jg- The 
latter figure is in the neighborhood of the values obtained by other experimenters at a density 
of 1 atmosphere. One might conclude from an inspection of the above figures that as the 
density is increased the mass of inertia effect becomes more prominent in comparison to the 
viscosity effect; at the high densities the velocity gradient in the turbulent portion of the 
boundary layer is less and in the laminar portion greater. 

CONCLUSION 

This investigation has shown good agreement with previous researches, and has shown 
that there is a "scale effect" as the density of the fluid is increased; the "scale effect ,, found 
is, primarily, a decrease in the exponent n of the Von Karman formula, 

v /»y 

which defines the flow of a fluid in the boundary layer at the surface (in this case, of the wind 
tunnel). 
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TABLE I 

Velocities Close to Wall of Tunnel in Plane of Model 



[0.051 inch hypodermic tube used as pitot] 



Pressure atm. 


Density p 


Pitot at center 


Pitot at wall 


Distance from wall 


% 


Pc 

l- nlm 2 
Kg/ III- 


1 

Ve 

mis 


-g/m 


I 
m/s 


X 

in. 


X 

cm 


| 012 


0. 1234 


25. 45 


20. 31 


18. 1 


17. 10 


1. 00 


2. 54 


S I. J 


,} l ( )~> 


3095 


67. 3 


20. Sf> 


■19. 5 


17. 88 


1. 00 


2. 54 


S.). s 


5. 10 


! 6270 


139. 5 


21. 09 


102. 0 


IS. 04 


1. 00 


2. 54 


85. 6 


10. 27 


1. 235 


290. 0 


21. 68 


212. 2 


18. 55 


1. 00 


2. 5 J 


85. 6 


9. 92 


1. 202 


278. 0 


21. 50 


204. 0 


IS. 1M 


1. 00 


2. 54 


85. 7 


20. 36 


2. 480 


613. 0 


22. 34 


442. 0 


18. 88 


1. 00 


2. 54 


84. 5 


10. 34 


1. 261 


287. 0 


21. 35 


205. 2 


IS. 0 1 


1. 00 


2. 54 


84. 5 


5. 24 


. 6470 


142. s 


21. 00 


104. 8 


17. 99 


1. 00 


2. 5-1 


85. 7 


2. 57 


. 3145 


66. 6 


20. 58 


49. 5 


17. 74 


1. 00 


2. 54 


86. 2 


L 01 


. 1228 


25. 0 


20. 19 


17. 4 


16. 84 


1. 00 


2. 54 


83. 4 


1. 026 


. 1281 


26. 5 


20. 34 


17. 52 


16. 54 


1/2 


t 27 


81. 3 


10. 20 


1. 240 


286. 0 


21. 48 


187. 4 


17. 40 


1/2 


1. 27 


81. 0 


20. 20 


2. 390 


594. 0 


22. 30 


384. 0 


17. 92 


1/2 


L 27 


80. 4 


1. 025 


. 1265 


25. 5 


20. 07 


12. 78 


14. 21 


1/4 


. 635 


70. 8 


10. 20 


1. 222 


282. 0 


21. 49 


153. 2 


15. 85 


1/4 


. 635 


73. 8 


20. 75 


2. 475 


598. 0 


22. 00 


320. 7 


16. 10 


1/4 


. 635 


73. 2 


1. 008 


. 1247 


25. 1 


20. 05 


13. 35 


14. 63 


1/4 


. 635 


72. 9 


L 020 


. 1280 


25. 6 


20. 01 


11. 2 


13. 23 


1/8 


. 318 


66. 6 


2. 515 


. 3105 


66. 1 


20. 65 


30. 8 


14. 08 


1/8 


. 318 


68. 2 


4. 90 


. 6000 


133. 1 


21. 07 


63. 6 


14. 57 


1/8 


. 318 


69. 2 


10. 20 


L 230 


280. 2 


21. 35 


137. 2 


11. 95 


1/8 


. 318 


70. 0 


9. 04 


1. 132 


262. 2 


21. 52 


126. 6 


14. 96 


1/8 


. 318 


69. 4 


20. 55 


2. 478 


612. 0 


22. 26 


298. 5 


15. 53 


1/8 


. 318 


69. 8 


20. 55 


2. 478 


611. 0 


22. 22 


295. 0 


15. 43 


1/8 


. 318 


69. 4 


5. 24 


. 6300 


142. 0 


21. 22 


os. o 


14. 69 


1/8 


. 318 


69. 2 


2. 31 


. 2870 


60. 8 


20. 58 


27. 8 


13. 93 


1/8 


. 318 


67. 7 


1. 020 


. 1258 


25. 76 


20. 22 


10. 5 


12. 93 


1/8 


. 318 


63. 9 


1. 021 


. 1249 


25. 5 


20. 21 


9. 14 


12. 10 


1/16 


. 159 


59. 9 


1. 021 


. 1249 


25. 5 


20. 21 


9. 06 


12. 04 


1/16 


. 159 


59. 6 


2. 525 


. 3070 


65. 6 


20. 67 


25. 74 


12. 96 


1/16 


. 159 


62. 7 


2. 525 


. 3070 


65. 8 


20. 70 


25. 74 


12. 96 


1/16 


. 159 


02. 0) 


5. 10 


. 6130 


137. 6 


21. 17 


55. 8 


13. 50 


1/16 


. 159 


63. 8 


10. 35 


L 229 


286. 2 


21. 60 


119. 4 


13. 94 


1/16 


. 159 


64. 5 


20. 30 


2. 380 


580. 0 


22. 07 


239. 9 


14. 21 


1/16 


. 159 


64. 4 


20. 20 


2. 375 


582. 0 


22. 14 


246. 1 


14. 39 


1/16 


. 159 


65. 0 


20. 40 


2. 400 


581. 0 


22. 00 


246. 9 


14. 34 


1/16 


. 159 


65. 2 
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TABLE II 

Velocities Close to Wall of Tunnel in Plane of Model 



[U.Oiy inch Dural tube used as pitot] 



Pressure atm. 


Density p 


Pitot at center 


Pitot at wall 


Distance from wall 


v/V c 

% 


Pc 

kg/m» 


V, 
m/s 


V 

kg/m2 


V 

m/s 


X 

in. 


X 

cm 


L 015 


. 1253 


25. 6 


20. 21 


11. 23 


13. 39 


1/8 


. 318 


66. 2 


10. 20 


1. 222 


284. 5 


21. 58 


135. 6 


14. 90 


1/8 


. 318 


69. 1 


10. 20 


1. 222 


284. 5 


21. 58 


132. 8 


14. 74 


1/8 


. 318 


Uo. O 


20. 47 


2. 405 


596. 0 


22. 27 


277. 0 


15. 17 


1 s 


. 318 


l>S. -1 


20. 47 


2. 393 


588. 0 


22. 18 


279. 5 


15. 27 


1/8 


. 318 


68. 3 


L 017 


. 1250 


25. 6 


20. 33 


9. 0 


12. 00 


1/16 


. 159 


59. 3 


2. 535 


. 3070 


65. 5 


20. 66 


25. 1 


12. 78 


1/16 


. 159 


61. 9 


5. 10 


. 6090 


135. 8 


21. 11 


55. 3 


13. 48 


1/16 


. 159 


63. 9 


10. 27 


1. 242 


290. 0 


21. 60 


123. 3 


14. 10 


1/16 


. 159 


65. 3 


20. 60 


2. 420 


604. 0 


22. 34 


259. 5 


14. 64 


1/16 


. 159 


65. 5 


1. 015 


. 1238 


25. 5 


20. 30 


7. 6 


11. 08 


1/32 


. 0795 


54. 6 


10. 20 


1. 211 


281. 0 


21. 54 


99. 0 


12. 79 


1/32 


. 0795 


.v.). 1 


20. 50 


2. 395 


586. 0 


22. 20 


211. 0 


13. 27 


1/32 


. 0795 


59. S 


L. 020 


. 1231 


25. 1 


20. 01 


4. 4 


8. 45 


1/64 


. 040 


41. 8 


10. 20 


1. 198 


274. 0 


21. 60 


72. 4 


1 1. 00 


1/64 


. 010 


50. 9 


20. 25 


2. 360 


580. 0 


22. 16 


162. 2 


11. 72 


1/64 


. 040 


52. 9 



additional copies 

OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
U. 9. GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C 
AT 

10 CENTS PER COPY 



V 




Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 



Designation 



Longitudinal-.. 

Lateral 

Normal 



Sym- 
bol 



X 
Y 
Z 



Force 
(parallel 
to axis) 
symbol 



X 
Y 
Z 



Moment about axis 



Designa- 
tion 



rolling 

pitching 

yawing 



Svm- 
bol 



L 

M 

N 



Positive 
direction 



Y- 
Z- 
X- 



>Z 

>x 

>Y 



Angle 



Designa- 
tion 



roll., 
pitch 
yaw_ 



Sym- 
bol 



0 



Velocities 



Linear 
(compo- 
nent along 
axis) 



u 
v 
w 



Angular 



V 

q 

r 



Absolute coefficients of moment 

n -JLn - M ft - N 



Angle of set of control surface (relative to neu- 
tral position) , 8. (Indicate surface by proper 
subscript.) 



4. PROPELLER SYMBOLS 



D, Diameter. 
p e , Effective pitch 
p g , Mean geometric pitch. 
Standard pitch. 
Zero thrust. 
Zero torque. 
p/D, Pitch ratio. 
V, Inflow velocity. 
V s , Slip stream velocity. 



Vv, 
Pa, 



T, Thrust. 
0, Torque. 
P, Power. 

(If "coefficients" are introduced all 
units used must be consistent.) 
77, Efficiency = T 7/P. 
n, Revolutions per sec, r. p. s. 
N } Revolutions per minute., R. P. M. 

<£, Effective helix angle = tan" 1 (- n ^ \ 

\Z-KrnJ 



5. NUMERICAL RELATIONS 



1 HP = 76.04 kg/m/sec. =550 lb./ft./sec. 
1 kg/m/sec. =0.01315 HP. 
1 mi./hr. =0.44704 m/sec. 
1 m/sec. =2.23693 mi./hr. 



= 0.4535924277 kg. 



1 lb. 

1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m = 3.2808333 ft. 



